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20.  ABSTRACT  (Continue  on  r«vtr««  #*<*•  II  nacaaaary  and  Identity  by  block  number) 

~  Numerical  simulations  of  the  nonlinear  evolution  of  the  current  convective 
instability  in  the  diffuse  aurora  have  been  performed  for  conditions  typical  of  the 
nighttime  high  latitude  F  region.  Our  results  show  nearly  field  aligned  plasma 
irregularities  developing  in  regions  of  well-defined  northward  gradients  of  total  electron 
content  (TEC)  and  field-aligned  diffuse  auroral  particle  precipitation.  In  addition,  we 
find  equatorward  movement  of  plasma  enhancements  and  northward  (poleward) 
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20.  Abstract  (Continued) 

>  movement  of  plasma  depletions  (holes).  Furthermore,  one-dimensional  spatial  power  spectra 
of  the  irregularities  in  both  the  north-south  and  east-west  directions  are  well  described 
by  inverse  power  laws. 


NONLINEAR  EVOLUTION  OF  DIFFUSE 
AURORAL  F  REGION  IONOSPHERIC  IRREGULARITIES 


Introduction 

Recently,  new  information  has  been  acquired  concerning  the 
phenomenology  and  structure  of  high  latitude  auroral  F  region  iono¬ 
spheric  irregularities.  After  analyzing  data  from  the  Defense  Nuclear 
Agency's  Wideband  satellite,  Rino  and  Owen  [1980a]  and  Rino  and 
Matthews  [1980b]  have  given  additional  evidence  that  the  irregularities 
causing  high  latitude  scintillation  enhancements  observed  in  regions 
with  well-defined  north-south  TEC  gradients  and  field-aligned  diffuse 
auroral  particle  precipitation  are  L-shell  aligned  localized  sheetlike 
structures  [Fremouw  et  al.,  1977;  Rino  et  al . ,  1978]  for  wavelengths 
X  “*  1-10  km  [C.  L.  Rino,  private  communication,  1980], less  than  the 
ambient  TEC  gradient  scale  length.  In  addition,  an  equatorward  moving 
dynamic  slab-like  scintillation  source  region  is  observed.  Furthermore, 
depleted  plasma  zones  (holes)  have  been  recorded  [Rich  et  al. ,  1980; 

M.  C.  Kelley,  private  communication,  1980]  in  regions  of  strong  field- 
aligned  currents  and  convection  electric  fields.  Finally,  using 
simultaneous  rocket  probe,  scintillation  and  incoherent  scatter,  Kelley 
et  al.  [1980]  have  shown  that  the  spatial  power  spectra  of  the  irregu¬ 
larities  in  the  auroral  F  region  can  be  described  by  inverse  power  laws 
with  spectral  indices  between  1.5  and  2.5. 

The  linear  theory  of  the  current  convective  instability  in  the 
diffuse  aurora  has  been  proposed  [Ossakow  and  Chaturvedi,  1979]  to 
account  directly  for  large  scale  size  irregularities  in  the  diffuse 
auroral  F  region.  Chaturvedi  and  Ossakow  [1979]  have  discussed  the  non¬ 
linear  stabilization  of  the  current  convective  instability  by  isolating 
Manuscript  submitted  February  6,  1980. 


r  .z: 


two  Fourier  components  of  plasma  density  and  computing  their  self- 
consistent  evolution.  Although  these  theoretical  studies  can  show  under 
what  conditions  density  fluctuations  will  grow  and  can  give  reasonable 
growth  rates,  these  studies  are  only  valid  locally  and  cannot  determine 
gross  nonlinear  effects  such  as  relative  movement  of  enhancements  and 
depletions  and  irregularity  power  spectra  over  a  wide  range  of  modes. 
Numerical  simulation  studies  are  much  richer  in  that  many  modes  (waves) 
can  be  kept  with  the  result  that  nonlinear  effects,  both  local  and 
global,  can  be  delineated. 

In  this  letter  we  reproduce  several  of  the  aforementioned 
observations  by  performing  the  first  numerical  simulation  of  the  non¬ 
linear  evolution  of  the  current  convective  instability  in  the  diffuse 
aurora . 


Model 


We  study  the  nonlinear  evolution  of  large  scale  size  plasma 
density  irregularities  in  the  diffuse  auroral  F  region  by  solving  the 
equations  modelling  the  current  convective  instability  [Ossakow  and 
Chaturvedi.  1979]  in  the  following  geometry:  the  total  electron  content 
gradient  is  in  the  northward  direction  (y),  the  ambient  electric  field 
is  westward  (x),  and  the  magnetic  field  is  directed  downward  (z). 

The  basic  equations  can  then  be  written: 
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where  n(x,y,z,t)  is  the  ion  density,  -  E-j^  with  E(x,y,z,t)  the 

total  electric  field,  is  the  ion-neutral  collision  frequency,  V£  is 

the  electron-ion  collision  frequency,  (1^(0^)  is  the  ion  (electron) 

gyrofrequency,  c  is  the  speed  of  light,  B  is  the  ambient  magnetic 

field,  V.  -  zV.  -  z(V  -V.  )  is  the  relative  velocity  of  the  electrons 
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and  ions  along  the  magnetic  field,  and  ±  denotes  perpendicular  to  the 
magnetic  field.  Equations  (1)  and  (2)  are  simply  a  restatement  of  the 
ion-continuity  equation  written  in  a  reference  frame  with  velocity 

■  -  Eq/B(£  -  x)  and  quasi^eutrality  V*J  “  0,  respectively.  We 

have  neglected  Inertial  and  pressure  effects  since  we  will  be  Interested 
in  modelling  low-frequency  long  wavelength  (greater  than  several  km) 
fluctuations.  In  addition,  we  have  neglected  the  electron-neutral  col¬ 
lision  frequency  v  compared  with  v  and  taken  v  /Q  «  1  for  a  ■  i,e 
en  e  a.  a 

(F  region  approximation).  Note  that  if  one  neglects  the  z-dependence 
of  density  and  potential  (d/dz  *  0)  equations  (1)  and  (2)  are  similar 
to  the  equations  modelling  the  long-wavelength  collislonal  Rayleigh- 
Taylor  instability  (without  recombination  damping)  in  the  equatorial  F 
region  ionosphere  [Ossakow  and  Chaturvedl,  1978]  and  ExlJ  gradient-drift 
Instability  in  F  region  plasma  clouds  [Ossakow  and  Chaturvedl,  1978]. 

Linearizing  equations  (1)  and  (2),  taking  n  ■  nQ(y)  +  nj  with 
nl»  cpj  «  exp[i(kxx  +  k|jz)  +  Y^t)]  we  find  the  growth  rate  [Ossakow 
and  Chaturvedl,  1979] 


,  dn  f  v.  kii 
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We  note  that  the  linear  growth  rate  y^  from  (3)  is  independent  of  |k| 
but  depends  only  on  the  angle  made  by  k  and  through  the  factor  k|j/kx. 
For  total  electron  content  plasma  density  increasing  to  the  north 
(bnQ/by  >  0),  unstable  growth  can  be  achieved  if  the  field-aligned  cur¬ 
rent  velocity  is  such  that  Vd(k||/kx)  >  0  and  lvdk||l  >  (kxcE0/B) 
(Vi/nj).  In  the  altitude  range  350-400  km  for  typical  ambient  values 
of  E  “•  10  mV/m,  V  /Q  =“  10  \  V,  =  500  m/sec,  L  s  n  (dn  /by)  1  “  50  km, 
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the  maximum  growth  rate  is  y_  “  2.7  x  10  sec  which  occurs  for 

max 

kjj/kx  9.4  x  10  5  [Ossakow  and  Chaturvedi,  1979]. 

Results 

In  the  following  simulations  we  take  advantage  of  the  fact  that  the 
fastest  growing,  most  dangerous  modes  from  linear  theory  are  almost 
field-aligned  (kjj/k^  «  1).  These  modes  are  of  most  interest  to  us  and, 
as  a  result,  we  solve  equations  (1)  and  (2)  in  a  plane  containing  these 
modes  which  is  nearly  perpendicular  to  the  magnetic  field  while  fixing 
the  value  of  /k^ .  A  similar  approach  has  been  adopted  in  numerical 
studies  of  drift-wave  [Lee  and  Okuda,  1976]  and  trapped-particle 
[Matsuda  and  Okuda,  1976]  instabilities  in  laboratory  plasmas. 

The  simulation  plane  which  is  essentially  horizontal  at  an 
altitude  of  350  km  with  a  north-south  extent  of  410  km  and  an  east-west 
extent  of  160  km  is  identical  to  the  x/  y'  plane  as  shown  in  Figure  1. 

The  system  of  equations  (1)  and  (2)  was  transformed  to  the  x'  y'  z 
coordinate  system  by  a  simple  rotation  about  the  y-axis  by  the  angle 
0  =  k||/kx  <<:  1.  By  solving  the  equations  (1)  and  (2)  in  the  v!  y  z 
system  a  finite  but  small  kn  is  effectively  introduced  into  the  model. 


After  neglecting  the  z  -dependence  of  all  quantities,  equations  (1)  and 
(2)  were  then  cast  into  dimensionless  form  and  initialized  with  the  pro¬ 
file  of  the  following  type  nQ (y'  >/Nq  »  (l-A(l-tanh(y'  -yo)/L))(l  +  e(x'  ,y'  )) 
where  Nq,  yQ,  and  L  are  constant  with  A  **  5/11.  This  gives  a  total  den¬ 
sity  maximum  to  minimum  ratio  of  approximately  10.  The  function 
e(x' ,y'  )  has  a  root-mean-square  value  of  3%  and  is  generated  from  a  ran¬ 
domly  phased  Gaussian  power  spectrum.  The  computational  mesh  consisted 
of  258  grid  points  in  the  y-direction  (north-south)  with  102  points  in 
the  x-direction  (east-west) .  Periodic  boundary  conditions  were  imposed  in 
the  x-direction  with  Neumann  (d/dy7  =  0)  boundary  conditions  in  the  y- 
direction.  We  drop  the  prime  notation  for  clarity. 

Figures  2-5  show  contour  plots  of  n(x,y)/NQ  at  t  =  0,  900,  1400, 

1900  sec.  The  following  set  of  parameters  were  used:  L  =  50  km, 

y  =  200  km,  E  =  10  mV/m,  V./Q .  =  10  4,  v  /O  =  10  4.  The  value  of 
o  o  li  e  e 

0  =  9.4  x  10  5  is  held  fixed  and  is  chosen  so  as  to  maximize  the  linear 
growth  rate  (3).  Fig.  2  shows  the  initial  configuration  which  includes 
the  small  random  perturbation.  Fig.  3  at  t  =  900  sec(ykt  =“  5)  illus¬ 
trates  the  linear  stages  of  the  simulation  and  shows  unstable  growth  in 
the  region  where  dnQ/dy  >  0  as  predicted  by  linear  theory.  Fig.  4 
exemplifies  the  early  nonlinear  regime  where  lower  density  plasma 
(depletions)  are  moving  in  the  positive  y-direction  (poleward)  while 
higher  density  plasma  (enhancements)  are  convecting  in  the  negative  y- 
direction  (equatorward) .  The  approximate  velocities  of  the  depletions 
and  enhancements  are  270  m/sec  and  30  m/sec,  respectively.  Finally, 
well-developed  steepened  enhancements  and  depletions  (of  over  90%)  are 
seen  in  Fig.  5  at  t  =  1900  sec.  This  late-time  configuration  is 
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reminiscent  of  the  motion  of  depletions  (bubbles)  moving  vertically  in 
the  equatorial  F  region  [Scannapieco  and  Ossakow.  1976a]  and  enhance¬ 
ments  (striations)  in  ionospheric  F  region  plasma  clouds  [Scannapieco 
and  Ossakow,  1976b].  The  length  scales  in  Figures  2-5  are  distorted  with 
the  depletions  and  enhancements  longer  and  narrower  than  is  depicted. 
Similar  linear  and  nonlinear  development  is  observed  when  L  *  10  km, 
but  on  a  faster  time  scale. 

Figures  6a-b  give  sample  one-dimensional  spatial  power  spectra  at 
t  =  1900  sec  both  in  the  x-direction  (east-west)  and  in  the  y- 
direction  (north-south).  These  spectra  are  obtained  by  first  Fourier 
analyzing  6n(x,y)/NQ  and  integrating  over  the  direction  in  k-space  cor¬ 
responding  to  the  north-south  and  east-west  directions,  respectively. 

For  both  cases,  these  power  spectra  are  well-fitted  with  an  inverse 
power  law.  Similar  power  law  dependences  were  seen  when  L  =  10  km. 

The  following  physical  picture  of  the  evolution  of  current 
convective  instability  in  the  diffuse  aurora  is  supported  by  these 
simulations.  In  the  evening  a  westward  electric  field  Eq  begins  to 
form  which  convects  plasma  in  the  auroral  region  equatorward.  In 
regions  where  the  northward  gradient  in  total  electron  content  becomes 
well-defined  nearly  field-aligned  fluctuations  (kjj/k^  «  1)  will  grow 
unstable  in  regions  where  the  field-aligned  current  velocities  V^, 
caused  by  precipitating  particles,  are  such  that  V^(k||/kx)  >  0  and 
|Vdkjj|>  (kAcEQ/B)  (v^ /Q^) .  In  the  plane  almost  perpendicular  to  the 
magnetic  field  by  an  angle  0  =  k||/k  plasma  depletions  and  enhancements 
will  move  northward  and  southward,  respectively,  while  steepening  in 
the  process. 


More  detailed  studies  of  the  current-convective  instability  in  the 


auroral  ionosphere  are  planned  for  a  future  report. 
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Fig.  2  —  Real  space  isodensity  contour  plots  of  n(x,y)/nQ  for  L  =  60  km 
at  t  =  0  sec.  Eight  contours  are  plotted  in  equal  increments  from  1  to  10 
with  the  lower  (higher)  density  contours  denoted  by  solid  (dashed)  lines. 
The  magnetic  field  B  is  directed  into  the  page  with  the  observer  looking 
down  the  magnetic  field  lines  toward  the  earth. 
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OICY  ATTN  ATC-R  DON  RUSS 


r 


PROGRAM  MANAGER 
IK>  PROGRAM  OFFIC l 
SOfll  EISEFKMCR  AVEMX 
ALEXANDRIA,  VA  22333 

OICY  ATTN  OACS-BMT  d.  SMA 

CHIEF  C-E  SERVICES  DIVISION 
U.S.  ARNT  CQHHJNICAT IONS  CM) 

PENTAGON  RN  16269 
WASHINGTON,  D.C.  20)10 

01CY  ATTN  C -E-SERVICES  DIVISION 


COHNWDCft 

FRAOCOM  TECHNICAL  SUPPORT  ACTIVITY 
OEPARTNENT  OF  THE  ARMY 
FORT  MOROUTM,  N.J.  07705 

OICY  ATTN  ORSEL-NL-RO  M.  BEWET 
OICY  ATTN  ORSEL-PL-EW  H.  BONCE 
OICY  ATTN  0.  E.  QUIGLEY 


CONRfOER 

HARRY  OIMOM)  LABORATORIES 
DEPARTMNT  Of  THE  ARHY 
2100  PONDER  HILL  ROAD 
ADELPMI,  M>  20783 

CCNNDI-IMCR  ENVELOPE:  ATTN:  DELMD-RBH) 
OICY  ATTN  DELHD-TI  H.  WE1MR 

OICY  ATTN  DELHD-RB  R.  WILLIAMS 

OICY  ATTN  OEDO-NP  f.  WIMENITZ 

OICY  ATTN  OELfO-NP  C.  MQAZED 


COHMAAOER 

U.S.  ARHY  COHH-ELEC  ENGRG  INSTAL  ACY 
FT.  HUACHUCA,  AZ  BS61) 

OICY  ATTN  CCC-EHEO  GEORGE  LAM 


COU'WICCn 

U.S.  ARMY  FOREIGN  SCIENCE  t  TECH  CTR 
220  7TH  STREET,  NE 
CHARLOTTESVILLE,  VA  22901 
OICY  ATTN  ORXST-SD 
OICY  ATTN  R.  JONES 


CONRKER 

U.S.  ARMY  MATERIEL  DEV  (  REAOIMSS  CM) 
5001  E1SEAACWER  AVENUE 
ALEXANDRIA,  VA  22)33 

OICY  ATTN  ORCLDC  d.  A.  BEFOER 


COMMMXR 

U.S.  ARHY  NUCLEAR  AM)  CMMICAL  AGENCY 
7500  BAOCLIOC  ROAD 
Bldg  207) 

SPRINGFIELD,  VA  22150 
OICY  ATTN  LIBRARY 


DIRECTOR 

U.S.  ARMY  TRADOC  SYSTEMS  ANALYSIS  ACTIVITY 
WHITE  SANDS  MISSILE  RANGE,  NH  8B002 
OICY  ATTN  ATAA-SA 
OICY  ATTN  TCC/F.  PAYAN  JR. 

OICY  ATTN  ATAA-TAC  LTC  J.  HESSE 

COHMAAOER 

NAVAL  ELECTRONIC  SYSTEMS  COFMAM) 
WASHINGTON,  D.C.  20)60 

OICY  ATTN  NAVALEX  034  T.  HUGHES 
OICY  ATTN  PM  117 
OICY  ATTN  PM  117-T 
OICY  ATTN  COOE  5011 

COMMAMHNG  OFFICER 
NAVAL  INTELLIGENCE  SUPPORT  CTR 
4301  SUITLAM)  ROAD,  BLDG.  5 
WASHINGTON,  D.C.  20390 


oia 

ATTN  HR.  DUBBIN 

STIC  12 

OICY 

ATTN  NISC-50 

OICY 

ATTN  COOE  5404  J 

.  GALET 

COMMAMXR 

NAVAL  OCEAN  SYSTEMS  CENTER 

SAN  DIEGO, 

CA  92152 

03CY 

ATTN  COOE  532  W 

1.  MOLER 

OICY 

ATTN  COOE  0230 

C.  BAGGETT 

OICY 

ATTN  COOE  81  R. 

EASTMAN 

DIRECTOR 

NAVAL  RESEARCH  LABORATORY 

WASHINGTON 

,  D.C.  20375 

OICY 

ATTN  CODE  4700 

TIMOTHY  P.  COFFEY 

(25  CYS 

IF  UNCLASS,  1  CY 

IF  CLASS) 

OICY 

ATTN  COOE  4701 

JACK  D.  BROWN 

OICY 

ATTN  COOE  4780 

BRANCH  HEAD  (150  CYS 

IF  UNCLASS,  1  CY 

IF  CLASS) 

OICY 

ATTN  COOE  7500 

HQ  COMM  DIR  BRUCE  WALD 

OICY 

ATTN  COOE  7550 

J.  DAVIS 

OICY 

ATTN  COOE  7580 

OICY 

ATTN  COOE  7551 

OICY 

ATTN  COOE  7555 

OICY 

ATTN  COOE  4730 

E.  MCLEAN 

OICY 

ATTN  COOE  4127 

C.  JOHNSON 

COMWCER 

NAVAL  SEA  SYSTEMS  COMMAND 
WASHINGTON,  D.C.  20362 

OICY  ATTN  CAPT  R.  PITKIN 

COMMANDER 

NAVAL  SPACE  SURVEILLANCE  SYSTEM 
DAMLGREN,  VA  22448 

OICY  ATTN  CAPT  J.  H.  BURTON 

OFFICER -IN-CHARGE 
NAVAL  SURFACE  WEAPONS  CENTER 
WHITE  OAK,  SILVER  SPRING,  M>  20910 
OICY  ATTN  COOE  F31 


DIRECTOR 

U.S.  ARMY  BALLISTIC  RESEARCH  LABS 
ABERDEEN  PROVING  GROUM),  M>  21005 

OICY  ATTN  TECH  LIB  EDWARD  BAICY 

COMMANDER 

U.S.  army  SATCOM  AGENCY 
FT.  M0M30UTH,  Nd  07703 

OICY  ATTN  OOCUMNT  CONTROL 

CONNUCER 

U.S.  ARMY  MISSILE  INTELLIGENCE  AGENCY 
REDS  TOM  ARSENAL,  AL  35809 
OICY  ATTN  JIM  GAMLE 


DIRECTOR 

STRATEGIC  SYSTEMS  PROJECT  OFFICE 
OEPARTMNT  OF  THE  NAVY 
WASHINGTON,  D.C.  20376 
OICY  ATTN  NSP-2141 
OICY  ATTN  NSSP-2722  FRED  WIMBERLY 

NAVAL  SPACE  SYSTEM  ACTIVITY 
P.  0.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
lOS  ANGELES,  CALIF.  90009 

OICY  ATTN  A.  B.  HAZZARD 
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commander 

NAVAL  SURFACE  WEAPONS  CENTER 
DAHLGREN  LABORATORY 
DAHLGREN,  VA  22448 

01CY  ATTN  CODE  DF-14  R.  BUTLER 

C0H4ANDING  OFFICER 
NAVY  SPACE  SYSTEMS  ACTIVITY 
P.O.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA.  90009 
01CY  ATTN  CODE  52 

OFFICE  OF  NAVAL  RESEARCH 
ARLINGTON,  VA  22217 

01CY  ATTN  CODE  465 
01CY  ATTN  CODE  461 
01CY  ATTN  COOE  402 
01CY  ATTN  COOE  420 
01CY  ATTN  COOE  421 

COMHMNDER 

AEROSPACE  OEFENSE  COMMAND /DC 
OEPARTHCNT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 

01CY  ATTN  DC  «.  LONG 

COHVWCER 

AEROSPACE  OEFENSE  COMMAND /XPO 
DEPARTMENT  OF  THE  AIR  FORCE 
ENT  AFB,  CO  80912 

01CY  ATTN  XPDQQ 

01CY  ATTN  XP 

AIR  FORCE  GEOPHYSICS  LABORATORY 
HANSCOM  AFB,  MA  01731 

01CY  ATTN  OPR  HAROLD  GARDNER 

01CY  ATTN  OPR-1  JAPES  C.  ULWICK 

01CY  ATTN  LKB  KEHWETH  S.  W.  CHAMPION 

01CY  ATTN  OPR  ALVA  T.  STAIR 

01CY  ATTN  PHP  JULES  AARONS 

OICY  ATTN  PHD  JURGEN  BUCHAU 

01CY  ATTN  PHD  JOHN  P.  MJLLEN 

AF  WEAPONS  LABORATORY 
KIRTLAJ©  AFB,  87117 
OICY  ATTN  SUL 

OICY  ATTN  CA  ARTHUR  H.  GUENTHER 
OICY  ATTN  DYC  CAPT  J,  BARRY 
OICY  ATTN  DYC  JOHN  M.  KAMM 
OICY  ATTN  DYT  CAPT  MARK  A.  FRY 
OICY  ATTN  DES  MAJ  GARY  GANONG 
OICY  ATTN  DYC  J.  JAHWI 


aftac 

PATRICK  AFB,  FL  32925 

OICY  ATTN  TF/MAJ  WILEY 

OICY  ATTN  TN  '  I 


HEADQUARTERS 

ELECTRONIC  SYSTEMS  D1VIS10N/YSEA 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 
OICY  ATTN  YSEA 

HEADQUARTERS 

ELECTRONIC  SYSTEMS  DIVISION/DC 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  DCKC  MAJ  J.C.  CLARK 

COMMANDER 

FOREIGN  TECHNOLOGY  DIVISION,  AFSC 
WRIGHT-PATTERSON  AFB,  OH  45433 
OICY  ATTN  NICD  LIBRARY 
OICY  ATTN  ETDP  B.  BALLARD 

COPfWNDER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
GR1FFISS  AFB,  NY  13441 

OICY  ATTN  DOC  LIBRARY /TSLD 
OICY  ATTN  OCSE  V.  COYHE 

SAMSO/SZ 

POST  OFFICE  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 
(SPACE  DEFENSE  SYSTEMS) 

OICY  ATTN  SZJ 


STRATEGIC  AIR  COMMW/XPFS 
OFFUTT  AFB,  NB  68113 

OICY  ATTN  XPFS  MAJ  B.  STEPHAN 
OICY  ATTN  ADWATE  MAJ  BRUCE  BAUER 
OICY  ATTN  NRT 

OICY  ATTN  DOK  CHIEF  SCIENTIST 

SAMSO/YA 
P.  0.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  YAT  CAPT  L.  BLACK  WELDER 

SAMSO/SK 
P.  0.  BOX  92960 
WORLDWAY  POSTAL  CENTER 
LOS  ANGELES,  CA  90009 

OICY  ATTN  SKA  (SPACE  COMM  SYSTEMS)  M.  CLAVIN 
SAMSO/MN 

NORTON  AFB,  CA  92409 
(MINUTEMAN) 

OICY  ATTN  f*NL  LTC  KEfNEDY 
CWtWOER 

ROME  AIR  DEVELOPMENT  CENTER,  AFSC 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  EEP  A.  LORENTZEN 


AIR  FORCE  AVIONICS  LABORATORY 
WRIGHT-PATTERSON  AFB,  OH  45433 

OICY  ATTN  AAD  WADE  HUNT  DEPARTMENT  OF  ENERGY 

OICY  ATTN  AAD  ALLEN  JOHNSON  ALBUQUERQUE  OPERATIONS  OFFICE 

P.  0.  BOX  5400 

DEPUTY  CHIEF  OF  STAFF  ALBUQUERQUE,  NM  87115 

ESEARCH,  DEVELOPMENT,  i  ACQ  OICY  ATTN  Da  CON  FOR  D.  SHERWOOD 

jepartment  of  the  air  force 

WASHINGTON,  D.C.  20330  DEPARTMENT  OF  ENERGY 

OICY  ATTN  AFRDQ  LIBRARY  ROOM  G-042 

WASHINGTON,  D.C.  20545 

mefoquarters  oiCY  attn  oa  con  for  a.  labowitz 

ELECTRONIC  SYSTEMS  DIVISION/XR 
DEPARTMENT  OF  THE  AIR  FORCE 
HANSCOM  AFB,  MA  01731 

OICY  ATTN  XR  J.  OEAS 


ECtG,  INC. 

LOS  ALAMOS  0IVISI0N 

P.  0.  BOX  809 

LOS  ALAMOS,  Ml  85594 

OICY  ATTN  DOC  CON  FOR  J.  BREEDLOVE 

UNIVERSITY  OF  CALIFORNIA 
LAWRENCE  LIVERMORE  LABORATORY 
P.  0.  BOX  808 
LIVERMORE,  CA  94550 

01CY  ATTN  DOC  CON  FOR  TECH  INFO  OEPT 
01CY  ATTN  DOC  CON  FOR  L-589  R.  OH 
01CY  ATTN  DOC  CON  FOR  L-Jl  R.  HA6ER 
01CY  ATTN  DOC  CON  FOR  L-46  F.  SEWARD 

LOS  ALAMOS  SCIENTIFIC  LABORATORY 

P.  0.  BOX  1665 

LOS  ALAMOS,  NM  87545 

01CY  ATTN  DOC  CON  FOR  d.  WOLCOTT 
01CY  ATTN  DOC  CON  FOR  R.  F.  TASCHEK 
01CY  ATTN  DOC  CON  FOR  E.  JOMCS 
01CY  ATTN  DOC  CON  FOR  J.  MALIK 
01CY  ATTN  DOC  CON  FOR  R.  JEFFRIES 
01CY  ATTN  DOC  CON  FOR  J.  ZIMN 
01CY  ATTN  DOC  CON  FOR  P.  KEATON 
01CY  ATTN  DOC  CON  FOR  D.  WESTERVELT 

SAM} I A  LABORATORIES 
P.  0.  BOX  5800 
ALBUQUERQUE,  NM  87115 

01CY  ATTN  DOC  CON  FOR  J.  MARTIN 

01CY  ATTN  OOC  CON  FOR  W.  BROWN 

01CY  ATTN  DOC  CON  FOR  A.  THORN  BROUGH 

01CY  ATTN  DOC  CON  FOR  T.  WRIGHT 

01CY  ATTN  DOC  CON  FOR  D.  DAXGREN 

01CY  ATTN  DOC  CON  FOR  5141 

01CY  ATTN  DOC  CON  FOR  SPACE  PROJECT  DIV 


SAND  I A  LABORATORIES 
LIVERMORE  LABORATORY 
P.  0.  BOX  969 
LIVERMORE,  CA  94550 

01CY  ATTN  DOC  CON  FOR  B.  MURPMEY 
01CY  ATTN  OOC  CON  FOR  T.  COOL 


NATIONAL  OCEANIC  8  ATMOSPHERIC  ADMIN 
ENVIRONMENTAL  RESEARCH  LABORATORIES 
DEPARTMENT  OF  COMMERCE 
BOULDER,  CO  80502 

01CY  ATTN  R.  GRUBB 

01CY  ATTN  AERONOMY  LAB  G.  REID 


DEPARTMENT  OF  DEFENSE  CONTRACTORS 

AEROSPACE  CORPORATION 
P.  0.  BOX  929S7 
LOS  ANGELES,  CA  90009 

01CY  ATTN  I.  GARFUMKEL 
01CY  ATTN  T.  SALMI 
01CY  ATTN  V.  JOSEPHSON 
01CY  ATTN  S.  BOWER 
01CY  ATTN  N.  STOCK  WELL 
01CY  ATTN  D.  OLSEN 
01CY  ATTN  J.  CARTER 
OICY  ATTN  F.  MORSE 
01CY  ATTN  SXA  FOR  PWW 

ANALYTICAL  SYSTEMS  ENGINEERING  CORP 
5  OLD  CONCORD  ROAD 
BURLINGTON,  MA  01805 

OICY  ATTN  RADIO  SCIENCES 

BERKELEY  RESEARCH  ASSOCIATES,  INC. 
P.  0.  BOX  985 
BERKELEY,  CA  94701 

OICY  ATTN  J.  WORKMAN 

BOEING  COMPANY,  IX 
P.  0.  BOX  5707 
SEATTLE,  WA  98124 

OICY  ATTN  G.  KEISTER 
OICY  ATTN  D.  MURRAY 
OICY  ATTN  C.  HALL 
OICY  ATTN  d.  KEMPCY 

CALIFORNIA  AT  SAN  DIEGO,  UNIV  OF 
I  PAPS,  B-019 
LA  JOLLA,  CA  92095 

OICY  ATTN  HENRY  G.  BOOKER 


OFFICE  OF  MILITARY  APPLICATION 
DEPARTXNT  OF  EXRGY 
WASHINGTON,  O.C.  20545 

OICY  ATTN  DOC  CON  FOR  D.  GALE 


BROWN  ENGINEERING  COMPANY,  INC. 
CUME.INGS  RESEARCH  PARK 
HUNTSVILLE,  AL  55807 

OICY  ATTN  ROXO  A.  DELIBERIS 


OTXR  GOVERMXNT 


CENTRAL  INTELLIGENCE  AGENCY 
ATTN  RD/SI,  RM  5G48,  HQ  BLDG 
WASHINGTON,  O.C.  20505 

OICY  ATTN  OSI/PSIO  RM  5F  19 

DEPARTXNT  OF  COMMERCE 
NATIONAL  BUREAU  OF  STANDARDS 
WASHINGTON,  O.C.  20254 

(ALL  CORRESI  ATTN  SEC  OFFICER  FOR) 
OICY  ATTN  R.  MOORE 

INSTITUTE  FOR  TELECOM  SCIENCES 
NATIONAL  TELECOMMUNICATIONS  t  1X0  AOMIN 
BOULDER,  CO  80505 

OICY  ATTN  A.  JEAN  (UNCLASS  OMtY) 
OICY  ATTN  W.  UTLAUT 
OICY  ATTN  0.  CROW  IE 
OICY  ATTN  L.  BERRY 


CHARLES  STARK  DRAPER  LABORATORY,  INC. 
555  TECHNOLOGY  SQUARE 
CAMBRIDGE,  MA  02159 

OICY  ATTN  D.  B.  COX 
OICY  ATTN  J.  P.  GILMORE 

COMPUTER  SCIENCES  CORPORATION 
6565  ARLINGTON  BLVD 
FALLS  CHURCH,  VA  22046 
OICY  ATTN  H.  BLANC 
OICY  ATTN  JOHN  SPOOR 
OICY  ATTN  C.  NAIL 


COMSAT  LABORATORIES 
LINTHICUM  ROM) 

CLARKSBURG,  MD  20754 
OICY  ATTN  G.  HYDE 

CORXLL  UNIVERSITY 

DEPARTXNT  OF  ELECTRICAL  ENGIXERING 

ITHACA,  NY  14850 

OICY  ATTN  0.  T.  FARLEY  JR 
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ELECTROSPACE  SYSTEMS,  INC. 

SOX  1359 

RICHARDSON,  TX  7S080 

01CY  ATTN  H.  LOGS TON 

01CY  ATTN  SECURITY  (PAUL  PHILLIPS) 

ESL  INC. 

495  JAVA  DRIVE 
SUMftVALE,  CA  94086 

01CY  ATTN  J.  ROBERTS 
OICY  ATTN  JAMES  MARSHALL 
01CY  ATTN  C.  W.  PRETTIE 

FORD  AEROSPACE  i  COMMUNICATIONS  CO» 

3939  P ASIAN  WAY 
PALO  ALTO,  CA  94303 

OICY  ATTN  J.  T.  MATTINGLEY 

GENERAL  ELECTRIC  COMPANY 
SPACE  DIVISION 
VALLEY  FORGE  SPACE  CENTER 
GODDARD  BLVD  KING  OF  PRUSSIA 
P.  0.  BOX  8555 
PHILADELPHIA,  PA  19101 

OICY  ATTN  M.  H.  80RTMER  SPACE  SCI  LAB 

GENERAL  ELECTRIC  COMPANY 
P.  0.  BOX  1122 
SYRACUSE,  NY  13201 

OICY  ATTN  F.  REIBERT 

GENERAL  ELECTRIC  COMPANY 
TEMPO-CENTER  FOR  ADVANCED  STUDIES 
816  STATE  STREET  (P.O.  DRAWER  QQ) 

SANTA  BARBARA,  CA  93102 
OICY  ATTN  DAS  I  AC 
OICY  ATTN  DON  CHAM3LER 
OICY  ATTN  TOM  BARRETT 
OICY  ATTN  TIM  STEPHANS 
OICY  ATTN  WARREN  S.  KNAPP 
OICY  ATTN  WILLIAM  MCNAMARA 
OICY  ATTN  B.  GAMS  ILL 
OICY  ATTN  MACK  STANTON 

GENERAL  ELECTRIC  TECH  SERVICES  CO.,  INC. 
HMES 

COURT  STREET 
SYRACUSE,  NY  13201 

OICY  ATTN  G.  MILLMAN 


GENERAL  RESEARCH  CORPORATION 
SANTA  BARBARA  DIVISION 
P.  0.  BOX  6770 
SANTA  BARBARA,  CA  93111 

OICY  ATTN  Mm  ISE  JR 
OICY  ATTN  JOEL  GARBARINO 

GEOPHYSICAL  INSTITUTE 
UNIVERSITY  OF  ALASKA 
FAIRBANCS,  AK  99701 

CALL  CLASS  ATTN:  SECURITY  OFFICER) 
OICY  ATTN  T.  N.  DAVIS  (UNCL  ONLY) 

OICY  ATTN  NEAL  BROWN  (UNCL  ONLY) 

OICY  ATTN  TECHNICAL  LIBRARY 

GTE  SYLVANIA,  INC. 

ELECTRONICS  SYSTEMS  GRP-EASTERN  DIV 
77  A  STREET 
NEEDHAM,  MA  02194 

OICY  ATTN  MARSHAL  CROSS 


ILLINOIS,  UNIVERSITY  OF 
DEPARTMENT  OF  ELECTRICAL  ENGINEERING 
UR6ANA,  IL  61803 

OICY  ATTN  K.  YEH 

ILLINOIS,  UNIVERSITY  OF 
107  COBLE  HALL 
801  S.  WRIGHT  STREET 
URBANA,  IL  60680 

CALL  CORRES  ATTN  SECURITY  SUPERVISOR  FOR) 
OICY  ATTN  K.  YEH 

INSTITUTE  FOR  DEFENSE  ANALYSES 
400  ARKt-NAVY  DRIVE 
ARLINGTON,  VA  22202 

OICY  ATTN  J.  M.  AEIN 
OICY  ATTN  ERNEST  BAUER 
OICY  ATTN  HANS  WOLF  HARD 
OICY  ATTN  JOEL  BENGSTON 

HSS,  INC. 

2  ALFRED  CIRCLE 
BEDFORD,  MA  01730 

OICY  ATTN  DONALD  HANSEN 

INTL  TEL  t  TELEGRAPH  CORPORATION 
500  WASHINGTON  AVENUE 
NUTLEY,  NJ  07110 

OICY  ATTN  TECHNICAL  LIBRARY 

JAYCOR 

1401  C AMI  NO  DEL  MAR 
DEL  MAR,  CA  92014 


JOHNS  HOPKINS  UNIVERSITY 
APPLIED  PHYSICS  LABORATORY 
JOHNS  HOPKINS  ROAD 
LAUREL,  MO  20810 

OICY  ATTN  DOCUMENT  LIBRARIAN 
OICY  ATTN  THOMAS  POTEMRA 
OICY  ATTN  JOHN  DAS  SOU  LAS 

LOCKHEED  MISSILES  *  SPACE  CO  INC 
P.  0.  BOX  504 
SUNNYVALE,  CA  94088 

OICY  ATTN  DEPT  60-12 
OICY  ATTN  D.  R.  CHURCHILL 

LOCKHEED  MISSILES  AND  SPACE  CO  INC 
3251  HANOVER  STREET 
PALO  ALTO,  CA  94304 

OICY  ATTN  MARTIN  WALT  DEPT  52-10 
OICY  ATTN  RICHARD  G.  JOHNSON  DEPT  52-12 
OICY  ATTN  W.  L.  IMEOF  DEPT  52-12 

KAMAN  SCIENCES  CORP 
P.  0.  BOX  7463 
COLORADO  SPRINGS,  CO  80933 
OICY  ATTN  T.  MEAGHER 

LIMCABIT  CORP 
10453  ROSELLE 
SAN  DIEGO,  CA  92121 

OICY  ATTN  IRWIN  JACOBS 

M.I.T.  LINCOLN  LABORATORY 
P.  0.  BOX  73 
LEXINGTON,  MA  02173 

OICY  ATTN  DAVID  M.  TOWLE 

OICY  ATTN  L.  LOUGHLIN 


MARTIN  MARIETTA  CORP 
ORLANDO  DIVISION 
P.  0.  BOX  5837 
ORLAMOO,  FL  32805 

OICY  ATTN  R.  HEFFNER 


MCDOWELL  DOUGLAS  CORPORATION 
5301  BOLSA  AVENUE 
HUNTINGTON  BEACH,  CA  92647 
01CT  ATTN  N.  HARRIS 
01CT  ATTN  U.  MOULE 
01CY  ATTN  GEORGE  MROZ 
01CY  ATTN  W.  OLSON 
01CY  ATTN  R.  W.  HALPR1N 
01CY  ATTN  TECHNICAL  LIBRARY  SERVICES 


MISSION  RESEARCH  CORPORATION 
735  STATE  STREET 
SANTA  BARBARA,  CA  93101 
01CY  ATTN  P.  FISCHER 
01CY  ATTN  W.  F.  CREVIER 
01CY  ATTN  STEVEN  L.  GUTSCHE 
01CY  ATTN  D.  SAPPEMMELD 
01CY  ATTN  R.  BOGUSCH 
01CY  ATTN  R.  HENDRICK 
01CY  ATTN  RALPH  KILB 
01CY  ATTN  DAVE  SOWLE 
01CY  ATTN  F.  FAJEN 
01CY  ATTN  M.  SCHEIBE 
01CY  ATTN  CONRAD  L.  LONGMIRE 
01CY  ATTN  WARREN  A.  SCHLUETER 

MITRE  CORPORATION,  THE 
P.  0.  BOX  208 
BEDFORD,  MA  01730 

01CY  ATTN  JOHN  MORGANSTERN 
01CY  ATTN  G.  HARDING 
01CY  ATTN  C.  E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
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